The g factors and lifetimes of the 2 + 1 states in the stable, proton-rich Sn isotopes have been measured, but there is scant information on neutron-rich Sn isotopes. 
I. INTRODUCTION
The Sn isotopes, with the magic proton number Z = 50, provide a remarkably long chain of nuclei with neutrons filling gradually the whole range between the magic numbers N = 50 and N = 82. Among the even-A Sn nuclei, 112−124 Sn are stable. The other even-A Sn isotopes are radioactive and a few of them have only recently become available as rare isotope beams and accessible for nuclear spectroscopy.
A variety of techniques has been used to study the Sn nuclei. These include mass and two-neutron separationenergy measurements [1] , pick-up and stripping reactions to determine single-particle energy levels [2, 3] , Coulombexcitation and lifetime measurements to obtain quadrupole moments and transition probabilities, and magnetic-moment * kum@physics.rutgers.edu † Current Address: Departamento de Física, Universidad Nacional de Colombia, Carrera 30 No. 45-03, Bogotá D.C., Colombia.
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measurements which help establish the specific neutron and proton contributions to the wave functions of the states of interest [4] [5] [6] [7] [8] . The resulting large and often precise body of experimental evidence has established the basic structure of the Sn isotopes against which theoretical calculations, using different approaches and interactions, can be tested. The B(E2; 2
values have been measured from 106 Sn to 134 Sn ( [6, 8] and references therein). The current status of the g factors of the 2 + 1 states in the even-A Sn isotopes is summarized in Fig. 1 . These measurements by East et al. [5] , Walker et al. [7] , and Hass et al. [9] all used the transient field technique. Preliminary results for the absolute g-factor values of the 2 + 1 states in 124 Sn and 126 Sn, measured by the recoil-in-vacuum technique (RIV), were reported at a meeting at Hilton Head in 2011 [10] .
The general trend of the measured magnetic moments in the stable Sn isotopes shown in Fig. 1 
II. THE EXPERIMENT
Transient field experiments involving Coulomb excitation of a heavy beam in inverse kinematics by the first (light) element of a multilayered ferromagnetic target have been used for many years [11, 12] [10] . In a typical stable-beam experiment all the particles are stopped in the target chamber: the excited projectile probe ions in the last layer of the target and the beam either in the target or in an extra stopper foil behind the target. Both the target and the stopper foil are thin enough so that the light knock-on particles from the first target layer can reach a particle detector, which is mounted at zero degrees with respect to the beam direction.
The work with radioactive projectiles requires modifications to the experimental setup to minimize radioactivity buildup in and near the target. The details of the modifications depend largely on the half-life of the radioactive species, on the isobaric contamination, and on the beam profile. The earlier experiments, Refs. [13, 14] , provide different ways of dealing with the accumulating radioactivity. While in one experiment the beam was stopped in a moving tape located behind the target, the beam and most of the activity in the other experiment were stopped in a distant beam dump.
In the present experiment 126 Sn has such a long half-life (T 1/2 = 2.3 × 10 5 y) that it could be considered "stable." Therefore, this experiment was approached like a stable-beam experiment, although some isobaric beam contamination had to be expected. The exact level of the beam contamination and its effect on the overall counting rate were initially unknown. The contaminant 126 Sb (T 1/2 = 19.15 min) decays to 126 Te. Nevertheless, it was decided to stop the beam in the target chamber, but not in the target itself. The beam was stopped in an additional catcher foil, mounted behind the target and designed to be replaced should the counting rate in the γ detectors become too high. As it turned out, this concern was unfounded.
The 126 Sn beams were prepared at the Holifield Radioactive Beam Facility by the ORIC/U fission source/Tandem systems [16] 126 Sn ions exited the target with less than 5 MeV and were stopped, together with the beam, in the 5.6 mg/cm 2 copper foil mounted at the back of the target frame. The forward-scattered C ions were detected in an array of three solar cells, each 15 × 15 mm, mounted vertically 30 mm downstream of the target. The center cell was placed at zero degrees with respect to the beam axis and covered an opening angle of ±14
• . The two other cells were mounted above and below the center cell as shown in Fig. 2 . The vertical opening angle of the detector array was ±46
• . The solar cells were covered by 5.6 mg/cm 2 copper. In this arrangement the useful opening angle for detecting C ions was kinematically limited to ±38
• . Above this angle the C-ion energy was below the ∼4 MeV detection cutoff. The target was held between the pole pieces of an electromagnet which provided a magnetic field of 0.07 T, large enough to saturate the gadolinium layer of the target. The whole magnet assembly, inside the vacuum chamber, was cooled by liquid nitrogen to ∼77 K. The magnetization of the target was measured off-line in an ac magnetometer and was found to be constant at M = 0.18 T between 50 K and 120 K.
The γ radiation was detected in four clover Ge detectors mounted at a distance of 120 mm from the target: two at backward angles (±113
• ) and two at forward angles (±67 • ). The energy and time information of every singles event in each detector segment was determined directly from the preamplifier signals in digitizing PIXIE-4 pulse processors from XIA [17] and stored on disk. The magnetic field direction was switched from the up to the down position every 90 sec and was recorded with every particle.
The particle spectra obtained in the central detector and in the adjoining upper and lower detectors are shown in Fig. 2 . The spectra of γ rays, as singles and in coincidence with the particles, are shown in Fig. 3 . The singles spectrum shown is for one clover segment taken over a period of 36 min at 16 hours into the radioactive beam run. Although the γ singles spectra are dominated by lines from the decay of radioactive 126 Sb, their intensity never overwhelmed the germanium detectors. The γ singles rate was usually 500 cps in each clover segment. Therefore, it was not necessary to change the catcher foil behind the target throughout the experiment.
The experiment was carried out at a beam energy of 378 MeV which is about 20% below the Coulomb barrier for 126 Sn on 12 C. The average beam intensity was (1-3) × 10 6 pps as measured in a Faraday cup and a microchannel plate detector. In total, 135 hours of radioactive 126 Sn beam were run. Altogether a total of about 1750 coincident counts were collected in the full energy peaks of all detectors, which amounts to ∼13 counts per hour.
III. LIFETIME MEASUREMENTS
The lifetimes of the 2 observed in pairs of clover detector elements located at the same angle. Only the most forward and backward clover segments were used. For 126 Sn all spectra were carefully gain matched and added together for the fit. The LINESHAPE code [18] was used as described in a previous publication [19] . The line-shape analysis took into account the fact that the ions were not stopped in the target but in an extra foil located close behind the target. The ion velocity in the 0.1-0.3 mm gap between the target and the foil was about 0.01c. The decays in the gap add intensity to the tail near the stopped peak energy. This part of the spectrum was treated as a "contaminant peak" (Doppler broadened, fully shifted) in the fitting procedure. The final quoted lifetime is an averaged result from independent fits of data from segments of all four clover detectors. In Fig. 4(a) the corresponding calculated line shape together with the data of the forward detectors at 59
• for 126 Sn is presented. The 124 Sn lifetime data were taken under the preliminary setup conditions before the 126 Sn beam was obtained. The data shown in Fig. 4(b) were taken at a beam energy of 372 MeV and with a different target (0.61 C/6.46 Gd/1.0 Ta/5.6 Cu mg/cm 2 ) at room temperature. In this case the 124 Sn ions stopped in the target.
IV. MAGNETIC MOMENT MEASUREMENT
The magnetic moment of a given state is determined from the measurement of the precession of this moment in the hyperfine field while the ions traverse the ferromagnetic foil. The precession gives rise to a rotation of the particle-γ angular correlation. This rotation is obtained from the change in the intensity of the particle-γ coincidence rate as the direction of the magnetic field at the target is changed from up to down with respect to the plane defined by the γ detectors. The precession angle, θ , is derived from counting rate ratios (N ↑ −N ↓)/(N ↑ +N ↓), where N ↑↓ is the full energy peak intensity for the two field directions in each detector. As fully described in Ref. [12] double ratios can be calculated for 034319-3 126 Sn ions as they enter into, and exit from, the gadolinium layer; v 0 = e 2 /h is the Bohr velocity. Here T eff is the effective transit time of the ions through the ferromagnetic layer. The θ calc is the expected precession angle of the magnetic moment for the target and kinematic conditions of this experiment, for g = 1, using the Rutgers parametrization [20] . detector combinations which show the full rotation effect or c for detector combinations where the rotation effect is canceled out. In the absence of systematic errors the so-called cross ratio c should be zero. The kinematic parameters relevant to this experiment are compiled in Table I . The results of the precession measurement are given in Table II .
In experiments with radioactive beams an independent determination of the particle-γ angular correlation is too time consuming. Therefore, the slope, S, of the angular correlation was determined, as in other experiments, from the precession data by making use of the multiple angles of individual clover segments [14] .
V. RESULTS
In this experiment the slopes derived from the data of the central and the peripheral particle detectors were, within their errors, the same. Therefore, the data sets of all particle detectors were combined for the precession analysis.
The measured slopes are typical for this type of reaction and detection geometry. Any attenuation of the correlation due to recoiling out of the target is negligible. The total precession angle, θ = /S, for the (2 (21) . The large error is dominated by the small number of counts in the full energy peak, and is a direct consequence of the low beam intensity and given running time. As a by-product, in short runs (totaling ∼5 hr) with a stable 124 Sn beam, a value of g( 124 Sn;2 + 1 ) = −0.36(17) was obtained which is more negative than the value of g(2 + 1 ) = −0.067 (14) reported in Ref. [7] . The observed large precession effect together with a near zero cross ratio support the current result.
The lifetime results are summarized in Table III (2) ps was obtained. The fit error was enlarged to take into account the uncertainty in modeling the recoil out of the target. The quoted error includes the spread in the fits to the data from all used detectors. Systematic error contributions due to questions about the stopping powers used in the calculation of the line shape are harder to estimate and were not included, but could potentially increase the uncertainty of the lifetime. The result is in agreement with the B(E2) value of Ref. [8] . For the calculation of θ (g = 1) an average of the measured and derived [from the B(E2) measurement] lifetimes, τ = 1.6 ps, was used.
The lifetime of the 2 (15) ps reported in Ref. [6] . In the current experiment the 2
transition is a well-resolved γ line with a better defined shape due to the larger recoil velocity available in inverse kinematics experiments.
VI. THEORY
The structure of the low-lying states in the long chain of Sn isotopes between the 100 Sn and 132 Sn doubly closed shells has been extensively examined within the framework of several models. A compilation of theoretical values for 126 Sn is presented in Fig. 5 . The corresponding values for 124 Sn are also included for comparison.
Two general approaches have been pursued, one based on the nonrelativistic [22] [23] [24] and relativistic [25] [26] [27] quasiparticle random phase approximation (QRPA) and the other on large-scale shell-model (LSSM) calculations [6, 7, 28, 29] .
A. Quasiparticle random phase approximation calculations
The relativistic RQRPA [26] calculations qualitatively agree with the experimental excitation energies and B(E2) values for the whole region of Sn nuclei from the lightest to the heaviest.
The more recent calculations [24] carried out within the quasiparticle phonon model, with quadrupole pairing and with effective charges e π = 1.05e and e ν = 0.05e, also reproduce the trend in the transition probabilities for the light Sn nuclei.
The experimental static quadrupole moments show that the unstable neutron-rich 126,128 Sn nuclei have a deformation consistent with zero [8] as predicted by [22] . Actually, for 
2 of the compilation in Ref. [21] . 126 Sn, in a pure six-particle/six-hole h( 11/2 ) configuration, the shell is half filled and the static quadrupole moment of the 2
state should be zero. The magnetic moments of the 2 + 1 states of the even-A Sn isotopes were calculated with the same tools as the B(E2) values [5, 7, 22, 27, 30] .
The RQRPA calculation [27] yields positive g values up to 126 Sn, and a negative value at 128 Sn, while the experimental values of the magnetic moment become negative around 116 Sn. However, in Ref. [27] it is also shown that if only the neutron contribution is considered then all calculated g values are negative and reach a minimum at 130 Sn. Terasaki [22] calculated approximately constant negative values of the magnetic moments for the even-A 116−126 Sn isotopes using a separable quadrupole plus pairing Hamiltonian and the nonrelativistic QRPA. The results of these calculations are in qualitative agreement with experiment. The most recent calculation by Stoyanov [30] within the quasiparticle phonon model (QPM) yields a value of g( 126 Sn;2 + 1 ) = −0.121.
B. Large-scale shell-model calculations
In the present paper LSSM calculations were carried out for 124,126 Sn. The calculations assumed a strictly closed Z = 50 proton core and included the (d 5/2 , g 7/2 , s 1/2 , d 3/2 , and h 11/2 ) neutron orbitals outside a 100 Sn core. The sn100pn interaction within the shell-model code Nushell [31] was used. The subsequent discussion is simplified by considering holes instead of particles. Table IV shows the results of these calculations for the average occupation numbers of the single-particle orbitals by neutron holes in the 0 The g-factor calculations for 124,126 Sn using free-nucleon g factors yield the same value of g calc (2 + 1 ) = −0.18 for both isotopes (Table II) . This value is close to the h 11/2 empirical single-particle g factor of −0.25 (Table VII in Ref. [7] ). The experimental value of g(2 Table III were obtained with e ν = 0.8e. The large effective charge for the neutrons is required for the calculation in a pure neutron valence space to reproduce the experimental data and probably reflects the omission of proton excitations from the core.
VII. SUMMARY
The g factor of the 2 
